Physical activity and sedentary behavior following pediatric burns - a preliminary investigation using objective activity monitoring by Akkerman, Moniek et al.
  
 University of Groningen
Physical activity and sedentary behavior following pediatric burns - a preliminary investigation
using objective activity monitoring
Akkerman, Moniek; Mouton, Leonora J; Disseldorp, Laurien M; Niemeijer, Anuschka S; van
Brussel, Marco; van der Woude, Lucas H V; Nieuwenhuis, Marianne K
Published in:
BMC Sports Science, Medicine and Rehabilitation
DOI:
10.1186/s13102-018-0093-5
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2018
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Akkerman, M., Mouton, L. J., Disseldorp, L. M., Niemeijer, A. S., van Brussel, M., van der Woude, L. H. V.,
& Nieuwenhuis, M. K. (2018). Physical activity and sedentary behavior following pediatric burns - a
preliminary investigation using objective activity monitoring. BMC Sports Science, Medicine and
Rehabilitation, 10, [4]. https://doi.org/10.1186/s13102-018-0093-5
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
RESEARCH ARTICLE Open Access
Physical activity and sedentary behavior
following pediatric burns – a preliminary
investigation using objective activity
monitoring
Moniek Akkerman1,2* , Leonora J. Mouton2, Laurien M. Disseldorp2, Anuschka S. Niemeijer1,3, Marco van Brussel4,
Lucas H. V. van der Woude2,5 and Marianne K. Nieuwenhuis1,2
Abstract
Background: Adequate levels of regular physical activity (PA) are crucial for health and well-being. Pediatric burn
injuries can have major physiological consequences in both the short and long term. The question is whether these
consequences affect post burn PA levels. This study therefore aimed to describe PA and sedentary behavior (SB) in
children and adolescents 1–5 years after burn injury.
Methods: Daily PA and SB were monitored in 20 children and adolescents (12 boys and 8 girls, aged 6–17 years,
with burns covering 10–37% of total body surface area, 1–5 years post burn) for 1 week using the ActiGraph GTX3+
accelerometer. Activity counts were categorized into SB, light PA, moderate PA, vigorous PA, moderate-to-vigorous
PA (MVPA), and total PA. Outcomes were compared with non-burned reference values and PA levels recommended
by the World Health Organization (WHO).
Results: The participants spent about 5.1 h per day on total PA and 7.4 h on SB. Most of the active time (~ 83%)
was categorized as light PA. Thirty-five percent of the group, especially the young boys, spent on average ≥ 60 min
on MVPA per day. The boys, although with large interindividual differences, spent more time on MVPA than the
girls (p < .005). Older age was associated with less PA time, while more time was spent sedentary. No trends were
found indicating an effect of burn characteristics, time post burn, or length of hospital stay, and no differences
were found with non-burned peers.
Conclusion: Duration and intensity of PA and SB in children and adolescents 1–5 years after burn injury were
similar to non-burned peers. However, only 35% of the group met the WHO physical activity recommendation.
Given the increased long term risk for physical conditions following pediatric burns, physical activity should be
encouraged in this vulnerable population.
Trial registration: The study is registered in the National Academic Research and Collaborations Information
System of the Netherlands (OND1348800).
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Background
Physical activity in children and adolescents is a widely
publicized topic due to the increasing awareness of its
significance for health and well-being [1]. Adequate
levels of regular physical activity can improve muscular
strength and cardiopulmonary endurance, help to pre-
vent a number of chronic diseases throughout life, and
are also essential for the social, emotional, and cognitive
development of children and adolescents [1, 2]. In con-
trast, sustained sedentary behavior has been associated
with negative health outcomes like cardiovascular dis-
eases, type 2 diabetes, and metabolic syndrome [3].
Children with physical disabilities or chronic diseases
tend to be more restricted in performing physical activ-
ity than their healthy peers [4]. This might also apply for
children who have been hospitalized with burns, as a
burn injury can have major physical and physiological
consequences in both the short and long term that are
expected to affect the time spent on physical activity and
to encourage sedentary behavior. First, burns are associ-
ated with substantial loss of skeletal muscle mass and
strength, due to amino acid depletion from the muscles
for the formation of new skin [5], and prolonged periods
of bed rest and immobilization. Secondly, burns covering
> 30% of total body surface area can lead to hypermetab-
olism, which is frequently associated with cachexia [6].
In addition, there is preliminary evidence that burns can
alter muscle energy metabolism, leading to an earlier on-
set of muscle fatigue and longer recovery periods follow-
ing exercise [7]. In children and adolescents with severe
burns, these burn induced metabolic and inflammatory
changes have been shown to persist for 3 years after the
injury [6]. Following less extensive burns, it is yet un-
known whether pathophysiological alterations affect
physical functioning after 1 year. Besides these physio-
logical issues, it is feasible that children with burns ex-
perience additional barriers to physical activity, like
fatigue [8], anxiety, pain, limited flexibility due to scar
contractures, or psychosocial problems like difficulties
with accepting their altered appearance [9].
Recently evidence emerged about long term physical
health outcomes in the pediatric burn population [10–
14]. A long term follow-up study showed that burn in-
jured children had an increased risk of arthritis, frac-
tures, and pulmonary conditions compared to their non-
burned peers, even following non-severe burns [10]. Ac-
cordingly, pediatric burn patients had increased hospital
admission rates for respiratory infection [11], cardiovas-
cular diseases [12], and musculoskeletal diseases [13],
and even an increased risk of mortality in the long-term
[14]. Although the specific causes of those physical and
physiological consequences years beyond the burn injury
have yet to be identified, lack of physical activity might
play a role.
To identify whether health and well-being of children
and adolescents after burn injury are at risk due too in-
adequate daily physical activity and/or too much seden-
tary behavior, it is important to become aware of their
daily time spent in both types of behavior. Although
physical fitness after pediatric burns received more at-
tention during the last decades [15–17], habitual phys-
ical activity (which is intrinsically associated with
physical fitness) has not been assessed before. Therefore,
the current study aimed to describe daily time spent in
various intensities of physical activity and sedentary be-
havior in children and adolescents with a wide range of
burn characteristics, using objective activity monitoring,
and to compare these results with non-burned reference
values.
Methods
The data described in this study were obtained as part of
a cross-sectional descriptive study, performed by our
study group, regarding physical activity and fitness fol-
lowing pediatric burns [18]. The entire study involved
not only the assessment of physical activity and seden-
tary behavior, but also assessment of physical fitness, fa-
tigue, and health-related quality of life. Study procedures
were described previously in detail [18].
Study population
Eligibility criteria were 6–18 years of age, involvement in
a burn accident 0.5–5 years ago, admission to one of the
three Dutch Burn Centers with burns covering > 10% of
their total body surface area and/or a length of hospital
stay of more than 6 weeks. The national Dutch Burn
Repository was used to identify potentially eligible pa-
tients. Children with extensive (pre-existing) comor-
bidity, insufficient Dutch language proficiency, or
(mental) disabilities were excluded. In case partici-
pants had reconstructive surgery less than 2 months
before the time of planned assessment, the assessment
was postponed.
Accelerometry: Data collection and analysis
Daily physical activity and sedentary behavior were mon-
itored using the triaxial ActiGraph GTX3+ accelerom-
eter (ActiGraph, Pensacola, Florida, U.S.A.). This
wearable activity monitor converts acceleration signals
into samples that are summed over a user-specified time
sampling interval, called epoch. At the end of each
epoch, the summed value is stored in the monitor mem-
ory as activity counts. The Actigraph GT3X+ has been
shown to be a valid and reliable instrument to assess fre-
quency, intensity, and duration of physical activity and
sedentary behavior in children and adolescents [19].
Monitors were initialized using the Actilife software
(Actilife software, version 6.7.3, ActiGraph, Pensacola,
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Florida, U.S.A.) to collect activity counts at 100 Hz. To
enable comparison with European non-burned reference
values [20, 21], only accelerometer measurements in the
vertical plane were used. The previously published non-
burned reference groups consisted of 4936 European
children (2411 boys and 2525 girls, aged 6–11 years)
[21] and 2200 European adolescents (1016 boys and
1184 girls, aged 12.5–17.5 years) [20]. Reference values
were available for light physical activity, moderate-to-
vigorous physical activity and sedentary behavior in chil-
dren [21], and for moderate-to-vigorous physical activity
and sedentary behavior in adolescents [20]. For optimal
transparency of our data handling methods, the 7-step
algorithm of Heil et al. [22] was used for collecting, pro-
cessing, and summarizing the accelerometer data into
physical activity and sedentary behavior outcome vari-
ables, according to best practice (Fig. 1). To be able to
compare our activity data to those of the reference stud-
ies, the measurements needed to be comparable. There-
fore, we chose to adopt the decisions in data reduction
and analysis (epoch length, wear time criteria, non-wear
time criteria, spurious data, cutpoints) from our refer-
ence studies. Data reduction and analysis were per-
formed using MATLAB software (release 2015a, The
MathWorks, Inc., Natick, Massachusetts, U.S.A.).
Statistical analyses
Subject characteristics and descriptors of physical activ-
ity and sedentary behavior were presented as mean,
standard deviation, and range, for boys and girls separ-
ately. Influence of sex was assessed using independent t-
tests. To identify potential predictors of total physical
activity, moderate-to-vigorous physical activity and sed-
entary behavior, exploratory multiple regression analyses
(hierarchical, blockwise entry) were performed. As both
age and sex are known predictors of physical activity
and sedentary behavior [20, 21], these variables were en-
tered simultaneously into the model first. Subsequently,
burn characteristics (%total body surface area burned,
full thickness burns yes(1)/no(0), legs involved yes(1)/
no(0)), time post burn (years), and length of hospital stay
(days) were entered separately, one by one, in order to
identify whether the regression model could be im-
proved by one or more of these potential predictors. For
each regression model, the standard error of the esti-
mate (SEE) was provided as an indication for the accur-
acy of the prediction by the model. The smaller the SEE,
the more accurate the prediction.
To assess achievement of physical activity levels as
recommended by the World Health Organization
(WHO) (Table 1), average daily time spent in moderate-
to-vigorous physical activity was calculated for each sub-
ject, and results were plotted together with a line repre-
senting the recommended daily minimum of 60 min.
For comparison with non-burned reference values, in-
dividual data were plotted together with age- and sex-
matched European reference values (mean ± 2 SD). Sub-
jects that deviated more than two standard deviations
from the non-burned mean were assumed different from
their non-burned peers.
IBM SPSS Statistics for Windows (version 20.0, IBM
Corp, Armonk, New York, U.S.A.) was used for the stat-
istical analyses. A two-sided p-value <.05 was considered
statistically significant.
Results
Data from 20 children and adolescents with burns (12
boys and 8 girls, aged 6–17 years, with burns covering
10–37% of total body surface area) were included in the
current study (Fig. 2, Table 2). Inhalation injury was not
present in our study population and none of the burns
were caused by chemical substances or electricity. No
significant differences in subject characteristics were
found between boys and girls (Table 2).
Physical activity and sedentary behavior
The accelerometer was worn 4–7 days (Fig. 2), on aver-
age close to 750 min per day (Table 3). Most subjects
with less than 7 valid days forgot to wear the accelerom-
eter at one or more full days. Others attached it too late
or removed it too early during the day, resulting in less
than 480 min of monitoring.
Approximately 40% of the daily wear time was classi-
fied as physical activity (5.1 ± 0.8 h) and 60% was classi-
fied as sedentary behavior (7.4 ± 1.4 h) (Table 3). Most of
the active time by far, 80% in boys and 88% in girls, was
categorized as light physical activity and less than 10%
as vigorous physical activity (7% in boys and 3% in girls).
Although with large interindividual differences (Fig. 3),
boys spent more time in moderate-to-vigorous physical
activity than girls (p < .005, Table 3).
Exploratory linear regression analyses indicated that age
was significantly associated with time spent in total physical
activity. According to the regression line, time spent in total
physical activity decreased by 6.7 min when age increased
with 1 year (β − 6.7; 95% CI: -12.7 − − 0.7; p = .031). Time
spent in sedentary behavior increased with 13.1 min by
each year of age (β 13.1; 95% CI: 3.0–23.2; p = .014) (Fig. 3).
Age explained 23.4% of the variance in time spent in total
physical activity. The SEE was 41.6 (model p < .04) which
indicates small error, given the range of 247–412 min of
time spent in total physical activity (Table 3). In sedentary
behavior, age explained 29.2% of the variance (SEE = 70.1,
model p < .02). For time spent in moderate-to-vigorous
physical activity, only sex was a significant predictor,
explaining 39% of the variance (SEE = 19.0, model p < .01).
The girls spent on average 29.5 min less time in moderate-
to-vigorous physical activity than the boys in this study (β
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− 29.5; 95% CI: -47.7 − − 11.2; p = .003). None of the burn
characteristics (%total body surface area burned, full thick-
ness burns, leg involvement), time post burn, or length of
hospital stay, were predictive for time spent in total physical
activity, moderate-to-vigorous physical activity, or sedentary
behavior.
Comparison of individual scores with the WHO phys-
ical activity recommendation (Table 1) showed that 6 of
the 8 boys aged < 12 years and 1 of the 4 boys aged
≥12 years achieved the recommended 60 min of daily
moderate-to-vigorous physical activity (Fig. 4). None of
the girls spent on average ≥ 60 min on moderate-to-
vigorous physical activity per day.
Comparison with non-burned peers
Reference values were only available for light physical
activity, moderate-to-vigorous physical activity and sed-
entary behavior in children aged 6–11 years, and for
moderate-to-vigorous physical activity and sedentary be-
havior in adolescents aged 12.5–17.5 years. On time
spent in moderate-to-vigorous physical activity, most
girls (6 out of 8) and adolescent boys (3 out of 4) scored
below average, while most young boys (7 out of 8)
scored on or above average. None of them, however,
scored more than two SD from the non-burned refer-
ence mean (Fig. 3). Sedentary time of both boys and girls
after burn injury was comparable with non-burned peers
Fig. 1 Process of handling the accelerometer data according to the recommended 7-step algorithm of Heil et al. [22]. Abbreviations: PA = physical
activity, SB = sedentary behavior, cpm = counts per minute, MVPA =moderate-to-vigorous physical activity
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(Fig. 3), which was also true for time spent in light phys-
ical activity (Fig. 3b).
Discussion
This preliminary investigation was the first study that
objectively assessed intensity and duration of physical
activity and sedentary behavior following pediatric burns
and compared those with non-burned reference values.
Accelerometer data showed that children and adoles-
cents 1–5 years after moderate to severe burns were
physically active about 5.1 h and sedentary for 7.4 h per
day. The boys, although with large interindividual differ-
ences, spent more time on moderate and vigorous phys-
ical activity than the girls. Similar to the findings in non-
burned pediatric populations [20, 21, 23, 24], older age
was associated with less time spent in physical activity,
while more time was spent in sedentary behavior. No
trends were found indicating an effect of burn character-
istics, time post burn, or length of hospital stay, although
this might be a consequence of the cross-sectional de-
sign of this study and the limited sample size. No differ-
ences were found with non-burned reference values.
Time spent in moderate-to-vigorous physical activity
in children and adolescents 1–5 years after burn injury
was similar to that of non-burned peers. This is consist-
ent with the results of Disseldorp et al. [17], who indi-
cated that both physical fitness and muscle strength
were not significantly different from non-burned peers
in this population. In contrast, only 35% of the group,
especially the boys aged < 12 years, spent on average ≥
60 min of moderate-to-vigorous physical activity per
day, which, according to the WHO, is crucial to reduce
the risk of cardiovascular and metabolic diseases
throughout life [25]. Seven subjects did not reach
60 min of moderate-to-vigorous physical activity on any
of the monitoring days. In non-burned references, the
percentage of children achieving the recommended
amount of daily moderate-to-vigorous physical activity is
low as well, ranging from 2.0 to 56.8% [20, 21]. These
findings suggest that long-term health and well-being
might be at risk in both groups. However, pediatric burn
patients already are at increased risk of several physical
and physiological diseases, e.g. pulmonary, musculoskel-
etal, and cardiovascular diseases, in the long term [10–
13]. Adequate levels of physical activity generally can
help to prevent the development of such conditions [1]
and this might also be true for pediatric burn patients.
Therefore, it is deemed important to encourage physical
activity and sports in this vulnerable population.
It is important to note, however, that there is no consen-
sus yet on the best cut points for the classification of
moderate-to-vigorous physical activity in children and ad-
olescents [26]. According to the cut points of Evenson et
al. [27], which are recommended for children and youth
[28] and therefore applied in the current study, intensities
of > 2296 counts per minute (cpm) are considered
moderate-to-vigorous physical activity. In the literature,
however, thresholds ranging from 1000 to 4000 have been
used. The WHO states that an intensity of ≥3 MET (meta-
bolic equivalent) is considered moderate-to-vigorous
physical activity, however it is unclear which accelerom-
eter counts are associated with that intensity. The height
of this threshold of course has major consequences for the
total number of subjects that is classified as meeting the
WHO physical activity recommendation (Table 1). If our
threshold for moderate-to-vigorous physical activity is
higher than the threshold intended by the WHO, this
would explain the low proportion of subjects that
achieved the recommended amount of daily moderate-to-
vigorous physical activity. When it comes to patients, it is
also important to realize that the cut points recommended
for healthy children might result in misclassification of ac-
tivity intensity in children with a chronic condition [29].
Physiological or biomechanical limitations might require
them to work at a higher energy level to complete the
same task and thus reach similar accelerometer counts
[29–31]. Therefore, before generalized conclusions can be
made regarding the appropriateness of physical activity
levels after pediatric burns, consensus is needed concern-
ing the best cut point used to classify moderate-to-
vigorous physical activity, for both healthy children and
children with a (chronic) condition.
Most of the evidence linking sedentary behavior to
health outcomes in children and adolescents has focused
Table 1 Outline of international definitions and





Any bodily movement produced
by skeletal muscles that requires
energy expenditure – including
activities undertaken while
working, playing, carrying out
household chores, travelling, and
engaging in recreational pursuits
[25].
Children and adolescents aged 5–
17 should accumulate at least
60 min of moderate-to-vigorous
physical activity daily. Most of the
daily physical activity should be
aerobic. Vigorous activities should
be incorporated, including those
that strengthen muscle and bone,




characterized by an energy
expenditure ≤1.5 metabolic
equivalents (MET’s), while in a
sitting or reclining posture [47].
Children (aged 5–11 years) and
adolescents (aged 12–17 years)
should minimize the time they
spend being sedentary each day.
To achieve this:
- Limit use of electronic media for
entertainment (e.g. television,
seated electronic games and
computer use) to no more than
2 h per day [48, 49]
- Limit sedentary (motorized)
transport, extended sitting time,
and time spent indoors
throughout the day [48]
- Break up long periods of sitting
as often as possible [49]
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Table 2 Characteristics of the study population
Parameter Boys (n = 12) Girls (n = 8) p-valueb
Mean SD Range Mean SD Range (Boys vs Girls)
Age (years) 10.8 3.7 6–17 9.6 2.7 6–14 .4424
%TBSA burned 18.3 8.4 10–37 13.5 2.8 10–17 .1391




inhalation injury (0/12) (0/8)
Surgeries (#)a 1 0–7 1 0–2
Time post burn (years) 3.0 1.4 1–5 3.0 0.7 1–4 > .99
Length of stay (days) 25.8 7.9 18–42 27.3 11.8 16–55 .7362
Abbreviations: %TBSA percentage of total body surface area, # number, amode
instead of mean ± SD. b independent sample T-tests




Boys (n = 12) Girls (n = 8) p-value b
(Boys vs
Girls)Mean SD Range Mean SD Range
Wear time 756 69 649–897 741 64 676–841 .6302
Total PA 317 54 247–412 284 19 255–310 .1165
- Light PA 255 39 201–323 251 16 229–279 .7878
- Moderate PA 41 13 22–63 24 7 15–35 .0034 *
- Vigorous PA 22 10 4–40 9 4 5–18 .0027 *
MVPA 63 23 28–99 33 10 24–53 .0028 *
SB 439 92 345–651 457 66 389–552 .6399
Abbreviations: PA physical activity, MVPA moderate-to-vigorous physical activ-
ity, SB sedentary behavior, vs versus. *p < .005. a Obtained from accelerometry
with epoch length 15 s (minutes per day: mean ± SD, range). b independent
samples T-tests
Fig. 2 Flow of patients. * Study of Disseldorp et al. [17]. † This child was registered as having burns covering > 15% of total body surface area
(TBSA). It emerged however that its burns had in fact affected < 5% of TBSA. Therefore, this child was excluded
Akkerman et al. BMC Sports Science, Medicine and Rehabilitation  (2018) 10:4 Page 6 of 10
on screen time [3]. Watching television for more than
2 hours per day has been associated with negative health
outcomes like obesity, decreased physical fitness, in-
creased blood pressure, lower self-esteem, social behav-
ioral problems, and decreased academic achievement in
school-aged children and youth (5–17 years) [3, 32]. As
accelerometry does not distinguish between screen time
and other types of sedentary behavior (school, motorized
transport, leisure time), it was not possible to determine
whether our pediatric burn patients spent too much
time watching television or playing computer games.
Surprisingly, the current literature provides limited evi-
dence for adverse effects of total time spent in sedentary
behavior on health and well-being in children and ado-
lescents [32]. Nevertheless, given the adverse effects
among adults, and some evidence of tracking of seden-
tary behavior across the life course, encouraging children
and adolescents to limit their time spent in sedentary
behavior for now seems prudent [32].
Although body composition and body weight might
also influence physical activity and sedentary behavior,
we chose not to include these variables in our regression
analyses for several reasons. First, the relationship be-
tween body weight / body composition and physical ac-
tivity and sedentary behavior is probably mutual.
Overweight can affect physical activity and encourage
sedentary behavior, but, on the other hand, overweight
can be the result of poor activity levels and abundant
sedentary time. Second, both body weight and body
composition are directly related to age and sex in
pediatric populations. Healthy body mass index (BMI)
increases with age and is different for boys and girls.
Adding body weight or BMI to the regression model
could therefore lead to over adjustment and create an
Fig. 3 a and b Individual levels of daily physical activity and sedentary behavior, compared to non-burned peers. Time spent in various physical
activity intensities and sedentary behavior, relative to age for both boys (left) and girls (right) after burn injury, calculated with an epoch length of
(a) 15 s and (b) 60 s. Non-burned reference values (mean ± 2 SD) for adolescents aged 12.5–17.5 years are presented in (a) [20], and reference
values for children aged 6–11 years are presented in (b) [21], because of the differences in epoch length. *Please note that the cut point for
moderate-to-vigorous physical activity in the study of Ruiz et al. [20] was 2000 counts per minute (cpm) compared to the 2296 cpm of Evenson
et al. [27] which was used in the current study. Abbreviations: PA = physical activity; MVPA =moderate-to-vigorous physical activity; min =minutes
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apparent effect when none exists [33]. We did assess
whether our subjects were classified, with regard to age
and sex, as being overweight, underweight, or having
healthy weight. All subjects were classified as having
healthy weight, except for two girls who were classified
as being severely overweight, and one girl was classified
as being underweight. Activity levels and sedentary be-
havior of those three subjects did not deviate from the
others, so it was concluded that further analysis would
not be of additional value.
Accelerometry is one of the most valid methods to gain
insight in habitual activity levels [34, 35], and has fre-
quently been used to assess time spent in physical activity
and sedentary behavior in children and adolescents, also
in special populations [36–43]. However, comparability
among studies is limited, due to the variety in epoch
lengths, cut points, and outcome variables. For accurate
comparison, accelerometer data should be processed and
summarized similarly and in a transparent manner. For
those reasons, we chose to adopt the decisions in data re-
duction and analysis from our reference studies, and to
apply the algorithm of Heil et al. [22] for transparency of
our methods. To compare our patients data with the re-
sults of Konstabel et al. [21], we needed to analyze our ac-
celerometer data with the less favorable epoch length of
60 s, resulting in significantly different outcomes com-
pared to the 15 s–epoch analysis [see Additional file 1].
Time spent in total physical activity and light physical ac-
tivity calculated from 60s–epochs was significantly higher
(p < .0001) compared to similar calculations based on
15 s–epochs. Time spent in both vigorous physical activity
(and consequently moderate-to-vigorous physical activity)
and sedentary behavior, on the other hand, was
significantly lower (p < .0001) when 60s–epochs were used
[see Additional file 1]. Individual level analyses showed
that this was a systematic effect of the data processing
method [see Additional file 2]. As the physical activity pat-
terns of children and adolescents are typically character-
ized by frequent, short duration bursts of vigorous
physical activity, this effect of epoch length is understand-
able. Using a 60 s epoch, short bursts of vigorous physical
activity will be averaged over the minute and remain un-
detected. A minute of sedentary behavior, on the other
hand, can be incorrectly classified as light physical activity
when it contains only one short burst of vigorous physical
activity [44, 45]. To obtain a ‘real’ picture of physical activ-
ity and sedentary behavior in children and adolescents,
short epoch lengths are thus essential. A study by Edward-
son and Gorely [45] suggests that a 5 s epoch would be
most appropriate to detect the typical short bursts of vig-
orous physical activity in children and adolescents. Bland-
Altman plots showed however reasonable agreement be-
tween the results obtained with 5 and 15 s epochs, which
suggests that the results of studies using those epoch
lengths could be compared. Studies using 60s–epochs, on
the other hand, should not be compared with studies ap-
plying epochs ≤15 s [45]. This implies that new accelero-
metry reference values are needed for children aged 6–
11 years, obtained with an epoch length of ≤15 s.
Some limitations of this study need to be discussed.
First of all, participation in this study was on a voluntary
basis. It is conceivable that this resulted in selection bias.
It is unclear, however, how this has affected our results.
It could be that those who were already interested or in-
volved in regular physical activity were most willing to
participate. On the other hand, those who still
Fig. 4 Attained versus recommended levels of moderate-to-vigorous physical activity (MVPA). Average daily time (mean ± SD) spent in MVPA,
relative to age (child, adolescent), for both boys (left) and girls (right) after burn injury, compared to the World Health Organization physical activ-
ity recommendation of ≥60 min of MVPA per day (dotted line) [25]. Epoch length: 15 s
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experienced restrictions with activities and participation
may have been eager to volunteer for this study.
Secondly, the cross-sectional design of this study and the
small number of subjects, make it difficult to explain vari-
ance with multiple regression modeling. Nevertheless, the
decline in time spent in physical activity and increase in
time in sedentary behavior with age in children and adoles-
cents observed in this study is a well-known phenomenon
that is also reported in larger, longitudinal studies [23, 24].
As physical activity is known to be affected by social envir-
onment, i.e. socioeconomic state, it would have also been
interesting to find out whether socioeconomic state could
explain some variance in physical activity or sedentary be-
havior in our study population. Unfortunately, we did not
obtain this information from our subjects and could there-
fore not control for this factor in our analyses.
This preliminary investigation is a first and important
start to gain insight in daily time spent in physical activity
and sedentary behavior in children and adolescents follow-
ing moderate-to-severe burns. However, further research is
required to obtain a full picture of post burn physical activ-
ity levels and to identify those patients who are at greatest
risk of inactivity. It would be interesting to examine activity
patterns in children who are closer to their burn and to as-
sess how our subjects will do in several years, when they
become adults. It has been shown that physical fitness is
low in a large proportion of adult patients even decades
post-burn [46]. It would therefore be interesting to exam-
ine activity patterns of adult burn patients as well.
Conclusions
Duration and intensity of physical activity and sedentary
behavior in children and adolescents 1–5 years after
burn injury were similar to non-burned peers. However,
only 35% of the group met the WHO physical activity
recommendation. Given the increased risk for physical
conditions following pediatric burns, physical activity
should be encouraged in this vulnerable population.
Additional files
Additional file 1: Accelerometry outcomes calculated from 15 s–epochs
and 60s–epochs. As the physical activity patterns of children are typically
characterized by frequent, short duration bursts of vigorous physical
activity, short epoch lengths are essential to obtain a ‘real’ picture of their
physical activity and sedentary behavior. The significant differences in
accelerometry outcomes calculated from 15 s–epochs and 60s–epochs
indicate that the use of 60s–epochs should be discouraged in pediatric
populations. (DOCX 28 kb)
Additional file 2: The systematic effect of epoch length. This figure
shows the systematic overestimation of time spent in light physical
activity and the systematic underestimation of both time in vigorous
physical activity and sedentary behavior, when 60s–epochs are used
rather than 15 s–epochs. Abbreviations: SB = sedentary behavior;
PA = physical activity; min = minutes, sec = second. (TIFF 969 kb)
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